etc. Much of the mathematics which arises is nonlinear, and for this
reason the questions are especially difficult and challenging. The overall
subject is so diverse that we can discuss only a few selected topics in
the sections which follow. A recurrent theme is the interplay between
asymptotic and numerical analyses. The isolation of leading contribu-
tions may require formulation of new mathematical models. Numerical
methods require new mathematics as well. Again, we are not attempting
to be representative, but rather to provide generic examples.

Differential Equations

One of the most active branches of mathematics is the theory of
differential equations. As discussed in the section on Fourier, harmonic
analysis led to the classical understanding of heat and light through the
study of the diffusion equation and of Maxwell's equations. These are
only two examples of linear differential equations central to engineering.
The general methods have been highly developed in the case of linear
equations. Here detailed information has been established on properties
of solutions to equations which govern our every movement. An under-
standing of characteristics has been essential for engineering insight into
wave propagation and fluid flow. Fourier analysis and its generalizations
are such standard points of view that one almost takes linear differential
equations for granted; yet they are the basis for a huge fraction of math-
ematics. Linear equations also lie at the foundation of nonrelativistic
quantum theory and hence at the understanding of materials.

Nonlinear differential equations date to the time of Newton and
his study of the planets. These equations tend to be harder to under-
stand, especially nonlinear partial differential equations. Fewer solutions
are known in closed form. (Special solutions to special equations with
an interpretation in nature, such as solitons, have achieved widespread
use in engineering and physics models.) Furthermore, the methods to
understand one equation seem maddeningly inappropriate for another!
However, it is these equations which are important in describing the
chemical reactions in a combustion engine, fluid flow under most condi-
tions, magnetohydrodynamics, or stresses in solid bodies. Generically,
the equations that describe extreme temperatures, forces, or pressures
tend to be nonlinear. Hence many of the most important engineering
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